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OutlineOutline

Quick summary of climate change Quick summary of climate change 
mechanisms and climate projectionsmechanisms and climate projections
–– Focus on global terrestrial changesFocus on global terrestrial changes

Ecological ramifications of these Ecological ramifications of these 
changeschanges
Challenges for resource management Challenges for resource management 
and conservation in adapting to and conservation in adapting to 
climate changeclimate change



Global Climate Change is Normal (Geologically Speaking)

Today’s avg temp







Radiative Forcing Components of Global Warming

IPCC 2007



Year (A.D.)

IPCC 2007



Modern Economy = Global WarmingModern Economy = Global Warming

Industrialization required fossil fuel, Industrialization required fossil fuel, 
still depends upon itstill depends upon it
No current alternatives to satisfy No current alternatives to satisfy 
demanddemand
The global economy is the engine of The global economy is the engine of 
climate changeclimate change
–– Growth of one = growth of other w/o Growth of one = growth of other w/o 

changes in energy production or changes in energy production or 
consumptionconsumption



Raupach et al. 2007



Raupach et al. 2007









What about sea level?What about sea level?

Uncertainty in how ice caps melt Uncertainty in how ice caps melt 
leads to a wide range of projectionsleads to a wide range of projections
IPCC says less than 40 cm (16IPCC says less than 40 cm (16””) by ) by 
21002100
Up to 100 cm (40Up to 100 cm (40””) if other ) if other 
assumptions are madeassumptions are made
But sea will still rise for many But sea will still rise for many 
centuries to comecenturies to come



Westport area exposureWestport area exposure





-Polar ecosystems increasingly damaged
-Increased coral reef bleaching
-Amphibian extinctions on mountains



Coral reefs bleached
~10-15% of species committed to extinction



≥ 15% of global ecosystems transformed (biome changes)
20-80% loss of Amazon rainforest



Major extinctions (≥ 40% of species) around globe
≥ 40% of global ecosystems transformed



Ecological ResponsesEcological Responses

Change globally, react locallyChange globally, react locally

Two questions need answersTwo questions need answers
–– What will happen to the climate in a What will happen to the climate in a 

given region?given region?
–– How will species respond?How will species respond?
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Species persist 
but community 

does not
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and interact (for 

first time?)
Species goes 
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endemic)
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Standardized difference of climate by 2100 from 
current (2000) climate at each point

Global change ≥4° C Global change ~2° C

21st Cent ≈ 20th Cent. 21st Cent very 
different

Williams et al. 2007



Difference of new climate from any 20th century 
climate within 500 km.  

Hot colors are likely to be regionally novel climates

Williams et al. 2007



Disappearing Climates

Difference of 20th century climate from any 21st

century climate within 500 km.  

Hot colors are likely to be climates that have 
disappeared from the region.

Williams et al. 2007



Shifting the Conservation ParadigmShifting the Conservation Paradigm

Due to climate change, some basic Due to climate change, some basic 
assumptions underlying conservation assumptions underlying conservation 
practice and management are no practice and management are no 
longer tenable.longer tenable.
–– What are they?What are they?
–– How does conservation have to change?How does conservation have to change?



History isHistory is……historyhistory

Climate change violatesClimate change violates conservationconservation’’s s 
key assumption: that by controlling key assumption: that by controlling 
threats in a speciesthreats in a species’’ historical range, historical range, 
the species can recover and persist the species can recover and persist 
where it used to livewhere it used to live
–– Underlies virtually all conservation and Underlies virtually all conservation and 

recovery actionsrecovery actions
–– Global change is permanent, continuous Global change is permanent, continuous 

and beyond local controland beyond local control
–– Historical range will lose relevanceHistorical range will lose relevance
–– If not there, where?If not there, where?



You never step in You never step in 
the same river twicethe same river twice

In adaptive management, cycles of In adaptive management, cycles of 
planningplanning--actionaction--monitoringmonitoring--planning planning 
are assumed to converge on a best are assumed to converge on a best 
solution.  solution.  
–– But in a continuously changing But in a continuously changing 

environment, responses to land environment, responses to land 
management will not converge.management will not converge.

–– ““CommunitiesCommunities”” will start to change will start to change 
faster than we can learn to manage faster than we can learn to manage 
them.them.

–– Ecosystem management?Ecosystem management?



Issue # 1Issue # 1

Predictions of speciesPredictions of species’’ future ranges future ranges 
based on modeling will become based on modeling will become 
fundamental to conservation fundamental to conservation 
planningplanning
–– Which species?Which species?
–– What time horizon?What time horizon?
–– No expectation of future equilibrium No expectation of future equilibrium 
–– Tools need rapid developmentTools need rapid development

Institutionalized collaborations, with Institutionalized collaborations, with 
funding for modelingfunding for modeling



Issue # 2Issue # 2

How to manage lands to maximize How to manage lands to maximize 
speciesspecies’’ survival as ecosystems survival as ecosystems 
changechange
–– Plants will move, animals will followPlants will move, animals will follow
–– Look south and down, north and upLook south and down, north and up
–– Reduce other stresses (e.g. harvest, Reduce other stresses (e.g. harvest, 

fire) to enhance resilience for currently fire) to enhance resilience for currently 
resident speciesresident species





Issue # 3Issue # 3

Conflicts between desires of people Conflicts between desires of people 
vs. needs of wild species will escalate vs. needs of wild species will escalate 
as climate crises become more as climate crises become more 
frequent and severefrequent and severe
–– Dealing with impacts to people, Dealing with impacts to people, 

agriculture will dominate fundingagriculture will dominate funding
–– Reframing the issue in terms of human Reframing the issue in terms of human 

wellwell--being being 



Issue # 4Issue # 4
Full awareness of the impacts of Full awareness of the impacts of 
climate change can lead to despairclimate change can lead to despair
–– Negative emotions are normal when Negative emotions are normal when 

personal and organizational objectives personal and organizational objectives 
are threatened by a changed realityare threatened by a changed reality

–– People and agencies need to focus on People and agencies need to focus on 
reasonable actions that will make a reasonable actions that will make a 
differencedifference

–– Current goals assume a stable climate Current goals assume a stable climate 
that we will never see again  that we will never see again  



Issue # 5Issue # 5

The challenge to leadership: The challenge to leadership: 

Developing and working towards Developing and working towards 
achievable goals that incorporate achievable goals that incorporate 
rapid, fundamental change in the rapid, fundamental change in the 
natural worldnatural world



≥40% of global ecosystems transformed  
Major extinctions around the globe

≥15% of global ecosystems transformed
X
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Rahmstorf 2006





Hoegh-Guldberg 2007
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